.
Bivalves as filter-feeding organisms enable to accumulate heavy metals in their body at much higher levels than those found in the water column, and for that reason they are used as bioindicator for the certain aquatic environments 2 . However, this mechanism is strictly depending on the relationship between metal uptake and excretion, and the rate of diluting body growth of the organism 4 . Bivalves Psammotaea elongata or Gari elongate are widely distributed in the western tropical region. P. elongata inhabits the intertidal sand banks or mud flats, lagoons and mangrove forest with sandy substrates 5 . The bodies of this species are flattened from side to side and completely surrounded by two shells called valves. Interlocking two small cardinal teeth or sockets form the hinge on the valves, which are held together by an elastic ligament or fiber like tissue made up mostly of protein 5 .
In this paper, we investigated the concentration of cadmium (Cd), cooper (Cu), lead (Pb), cobalt (Co) and zinc (Zn) in total flesh tissue and organs of P. elongata in Semerak Lagoon, Kelantan, Malaysia. We compared the concentrations of the studied metals with the other studies and the standard permissible limits. For the record, there is no studied have been carried out using this species in the study area.
MATERIALS AND METHODS

Environmental setting
Semerak Lagoon is semi-enclosed lagoon with a total area of 1.7 km 2 located in the Pasir Puteh district, Kelantan (Figure 1 ). This lagoon is located at the edge of the Semerak River. The width of the lagoon is 200 to 800 m with an average depth of 3.12 m. Approximately 5,304,000 m 2 water inside the lagoon during high tide 6 .
Sample collection and preparation
The sampling was conducted in 2008. A total of 50 individuals of P. elongata were handpicked from five sampling sites during low tide (Table 1) . Samples were packed in clean plastic bags and kept in cool icebox. The flesh of P. elongata was detached from the shell and separated to four subsamples, total soft tissue, stomach, ligament and leg. The samples were wet weighed and then freezedried at -20 °C for 24 hours. The dried samples were finely ground and homogenized by ceramic mortar and pestle, and stored in the plastic vials before chemical analysis.
Sample digestion and analysis
The chemical digestion was followed the established procedure by US EPA Method 200.3 (7) with some modification. Approximately 1g of homogenized sample was digested in the glass test tube with 10 mL HNO 3 at 95 °C and left to reflux for 15 minutes. The similar procedure was repeated twice with 5ml HNO 3 at 95 °C and left to reflux for 30 minutes. After evaporation to dryness, the residue was dissolved in 10 mL of H 2 O 2 and diluted with mili-Q water. At this stage, a clear solution was obtained from complete digestion process. The digested sample was made up to 50 mL with 5 % HNO 3 . Analysis of the Cd, Cu, Pb, Co and Zn was performed using inductively coupled plasma mass spectrometry (ICP-MS). The method was verified via the certified reference material of Dogfish liver (DOLT-3). The analytical variance (ANOVA) was applied to understand the difference of studied metals concentrations between sampling stations and the different organ.
RESULTS AND DISCUSSION
Heavy metals in total flesh tissue
The results of the standard reference material were in agreement with the certified values ( Table 2 ). The recovery of the reference material were ranged from 95.95 to 102.24 % for all metals except Co, as no certified values was given for this metal.
Concentrations of Cd, Cu, Pb, Co and Pb in total soft tissue of P. elongata from each sampling site are given in Table 3 . The highest concentration of Cd was measured at SL1 at 0.17 µg/g, while the lowest concentration of it was measured at SL3 and SL5 at 0.19 µg/g. The highest concentration of Cu was measured at SL5 at 5.57 µg/g, while the lowest concentration of Cu was measured at SL2 at 3.25 µg/g. The highest concentration of Pb was measured at SL4 at 1.46 µg/g, while the lowest concentration of Pb was measured at SL3 at 0.86 µg/g. The highest concentration of Co was measured at SL5 at 1.57 µg/g, while the lowest concentration of Co was measured at SL3 at 1.39 µg/g. The highest concentration of Zn was measured at SL1 at 57.6 The conducted two-way ANOVA analysis indicated no significant difference (p < 0.05) of metals concentration in total soft tissue between sampling stations, but there was a significant difference (p > 0.05) between the studied metals ( Table 3 ). This may due to the accumulated metals in P. elongata were differs with their own concentration and the uptake level. Philips 8 stated that the varying concentration of metals in tissues is due to the different effects of the different metal. The concentrations of heavy metals in the marine invertebrates, therefore, depend on the accumulation strategy adopted by species for different metal 4 .
Zn was the highest metal concentration in total soft tissue and other organs. Some studies also revealed high concentration of Zn is occurs in the different bivalves species [9] [10] . According to George et al., 11 bivalves have been considered as a strong Zn accumulator. Thus, this species may passively absorb Zn from surrounding area of its habitat (i.e. from seawater, sediment, and/or suspended particles). The inputs of Zn in this environment might be resulted from aquaculture activities 12 . Normally, fish pellet that is used to feed the fishes in cage culture contains Zn and Cu as additional supplement 13 . That is the reason why the concentration of Cu was also high in this study. Cu is an essential metal for the growth and life cycles of marine organisms including bivalve, but it become toxic at high concentration 14 . Similar to Zn, this metal is probably derived from the aquaculture activities [15] [16] .
Furthermore, the mean concentration of Pb in the P. elongata was in agreement to the obtained value in the Soletellina sp. from nearby area of Tok Bali River 17 . The existent of Pb in the environment is of concern because it is a cumulative poison in humans, and toxic to many aquatic organisms even at low concentrations 18 . It has a long residence time compared with most other pollutants when released into the environment. This metal has low solubility and unable to be biodegraded by microbial activity.
Meanwhile, the concentrations of Co in the total soft tissue were relatively low throughout the sampling stations. There is no data of Co content in bivalves have been reported in Malaysia. Most efforts are focused on the distribution of this metal in soils and/or sediments. Naturally, small amounts of cobalt are found in water and animals. In context of this study area the existing of this metal may also derived from aquaculture activity because some cobalt elements (i.e. cyanocobalamin, cobalt carbonate and cobalt proteinate) are found in fish pellets 19 .
Lastly, the concentration of Cd for all sampling stations was relatively lower compared to the other metals. This metal is widely distributed at low level in the environments 20 . Although, Cd presented at very low level, but it may affects aquatic organisms 21 . The major source of Cd in this environment is attributed to the use of fertilizers in agriculture 22 . The input of agricultural-based Cd will assimilates with anoxic sediments of lagoon-bed that contain high organic matter 23 , therefore, via filter-feed mechanism P. elongata absorb and accumulate this metal in their body.
Heavy metals in different organs
Concentrations of Cd, Cu, Pb, Co and Pb in the different organs of P. elongata from each Statistical evaluation of one-way ANOVA showed a significant difference (p < 0.05) between mean heavy metals concentrations in the different organ. The metal concentrations in this species were varied may due to the different mechanism for metal binding and regulation 24, 25 . The mean concentrations of Cu, Pb, Zn and Co were relatively higher in stomach than ligament, leg and total soft tissue. This is due to the filtered-food occurs in stomach than the other organ. Some also discovered high-accumulated heavy metals in digestive glands or stomach than the other organ of different bivalves species [26] [27] [28] . Table 4 showed the comparison of the studied heavy metals with the other studies and guidelines on permissible limits. Heavy metals values detected in this species were relatively low as compared to the local 17, 24, 29, 30, 31 and some world studies [32] [33] . This result shows that the heavy metals level in bivalves in the Semerak Lagoon is still low compared to other locations. The value was almost similar with the bivalves in Poland 34 , and Mexico
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. The present study also shows that the mean concentrations of heavy metals, Cd, Cu, Pb and Zn in P. elongata collected from the study site were found to be lower than the maximum permissible limits [36] [37] . Unlike for other elements, there are no limits are disclosed for Co in both standards.
From the observation, aquaculture activity is the most likely cause the loading of metals in this lagoon beside the input from the agriculture and urban area. We assume that the closed system setting of this lagoon may ease the metals transport from the aquaculture area through Semerak River during the high tide. Heavy metals that bind with particulate matter will sink on the lagoon-bed during low tide. This study will provide scientific information on the contamination level and may be referred as initial report for future studies on the biota in this ecosystem. However, the results of this study are not sufficient to explain in detail about the other contaminant. Therefore, the continuous monitoring of heavy metals would provide an early signal of the intrusion of anthropogenic pollutant to this lagoon.
CONCLUSSION
We presented the first data of heavy metals concentration in bivalve P. elongata and presumably reflected the heavy metals of Semerak Lagoon. The concentration of metals decrease according to the following order: Zn >Cu > Co > Pb > Cd. This study indicates that the study area is not contaminated with anthropogenic input, and this species tends to accumulate heavy metals that are lower than the permissible safety limits.
